Abstract: This review aims to give to the reader an overview selectively oriented on safety and efficacy of surgery, providing concise and direct answers about crucial questions of trainees and experts. Surgery for idiopathic epiretinal membrane (ERM) is a safe and effective procedure that can achieve long-term stable postoperative visual and anatomical improvement, with an overall low recurrence and complication rate. Young patients, with a short onset of symptoms and with better initial visual acuity achieve higher levels of visual outcome. The preoperative degree of metamorphopsia is the prognostic factor for their postoperative degree. Successful results may be obtained in eyes with specific optical coherence tomography criteria, such as thin ganglion cell layers, thin internal plexiform layer, longer photoreceptors outer segment, regular ellipsoid zone and cone outer segment tips line, and without ectopic inner foveal layer. Internal limiting membrane peeling demonstrates positive anatomical and functional outcomes, but final positions about its safety remain controversial.
Introduction
The challenge of idiopathic epiretinal membrane (ERM) treatment in the era of mini-invasive surgery is the correct surgical indication (Figure 1 ). Substantial technological innovations, including high-rate bilinear beveled cutters, improved visualization systems (3D of head-mounted helmets), enhanced light filters, high viscosity dies and premium forceps, are giving to the new era surgeon an astounding portfolio of tools to perform safer, cleaner and high quality procedure.
Furthermore, combined surgeries (phaco-vitrectomy) must face the high functional expectations of patients.
This review aims to give to the reader an overview selectively oriented on safety and efficacy of surgery, providing concise and direct answers about crucial questions of trainees and experts.
The research was performed by means of a focused PUMBED-based search of key words about each area and specific topic. Case reports or small series were omitted, and recently (last 10 years) published papers were favoured. Large studies or randomized clinical trials were preferred. We critically reviewed the search results, merging and integrating the information to achieve comprehensive considerations.
Safety
The safety of ERM surgery has been a striking issue since late '80s. Safety related argumentations can be addressed to general and specific risks.
General surgery related risks
Pars plana vitrectomy (PPV) with membrane peeling has been effectively used for the surgical treatment of ERM since 1978. 1 General complications of PPV, regardless the disease for which it is performed, are:
• Retinal breaks and retinal detachment. Iatrogenic damages may be related to direct injuries or generated by vitreous traction. They have been reported respectively from 1.7% to 11% and from 6% to 8% after surgery for ERM 2 • Cataract. Accelerated lens opacification is a wellknown consequence of lens-sparing PPV. The rate of cataract progression was found to be higher in subjects aged more than 50, 3 with similar rate after both 20-and 23-gauge techniques 4 • Open-angle glaucoma. Increase of intraocular pressure (IOP) in the immediate postoperative period is a largely known event, which may be related to diverse mechanisms (buckling procedures, laser photocoagulation, use of tamponades, intraocular steroids, hemorrhages, inflammation). 5 The association of open-angle glaucoma and vitrectomy has been postulated and widely investigated, owing this to the putative post-surgical trabecular oxidation and malfunction. However, this relationship was however proved to be weak 6 • Endophthalmitis. Post vitrectomy endophthalmitis rate was found to be 0.05-0.07%. 23-and 25-gauge sutureless vitrectomy were found to have comparable endophthalmitis rates to sutured 20 g surgery, with rates of 0.03%, 0.13% and 0.02% respectively (with no statistically significant difference between the groups) 7-9 Gauge-related safety With regard to the postoperative complications, it has been solidly reported that that the gauge choice does not influence the incidence of choroidal detachment, vitreous hemorrhage, and retinal detachment.
14 Hypotony is reported to more frequent in small gauge vitrectomy, but is usually transient and is due to the fact that wounds seal within two weeks. 15 The risk factors of intraoperative sclerotomy leakage requiring suture placement are prior vitrectomy, a young age at operation, and vitreous base dissection. 16 Bipolar wet-field diathermy of sutureless sclerotomies is an effective method for ensuring a leaking sclerotomies closure. 17 The gauge influence on the rate of endophthalmitis is imperative, considering the potential infections site entry in sutureless techniques (leaking sclerotomies, early postoperative vitreous wick, hypotony). Large series clarified that this risk is not increased in small gauge surgery. 8, 18 Procedure-related risks
To prevent ERM recurrence, peeling of internal limiting membrane (ILM) has been widely used as an additional procedure. 19, 20 Despite ILM peeling has debated functional benefits, its favorable effect to prevent recurrence has been extensively demonstrated. 1 ILM peeling can cause functional and mechanical damage to the retina, temporally classified as "early" and "late".
Swelling of the arcuate nerve fiber layer (SANFL)
First described by Clarck, it is found in 31% of ILMpeeling eyes as hypoautofluorescent arcuate striae in the macular region on infrared and autofluorescence imaging, with corresponding hyperreflectant swelling on SD-OCT ( Figure 2) . 21, 22 Its pathogenesis is postulated to origin by a direct trauma to the inner retina or by a subclinical trauma due to injury to the Müller cell endplates, attached to the ILM. It disappears within the third month and is not associated to a visual acuity (VA) reduction.
Dissociated optic nerve fiber layer (DONFL)
First described by Tadayoni and detected in about 57% of ILM-peeling eyes after 3 months, it consists of numerous arcuate striae within the posterior pole in the direction of the optic nerve fibers, darker than the surrounding retina on blue-filtered photographs and correspond to "dimples" in the inner retinal layer on OCT imaging ( Figure 3A -C). 23 Two mechanisms have been described:
• Cleavage (separation) of the optic nerve fiber bundles due to damage to the Müller cells, similarly to SANFL • Exposition of the rough surface composed of optic nerve fibers surrounded by Müller cell processes after ILM removal.
The first hypothesis is supported by Spaide. He stated that the DONFL corresponds to inner retinal dimples that course along the path of the nerve fiber layer. The dimples seem to be the result of an interplay between trauma and healing processes constrained by nerve fiber layer, and are not associated with any loss of VA or changes in microperimetry. 24 
Dyes
The safety of dyes has struggled surgeons for decades. Among the considerable amount of dyes used for macular surgery, at present, indocyanine green has been abandoned, owing to the in-vitro and in-vivo toxicity concerns. 25, 26 Trypan blue and brilliant blue are safe, and have respectively good and selective affinity for the ERM and the ILM. [27] [28] [29] Both showed elevated biochemical and biological safety profiles, and are at present unanimously considered the gold standard for ERM surgery. [30] [31] [32] [33] There are available in the market conjugated dyes that join together trypan blue and brilliant blue, with adjunctive excipients providing unique physical properties.
Post-surgical macular edema
Cystoid macular edema (CME) is a well-known complication of anterior segment surgery (Irvine-Gass Syndrome). However, macular edema may appear after virtually any surgical eye procedure. Edemas occurring after ERM surgery present as persistent, and disappoint both the surgeon and the patient. It has been argued that the rate of CME after vitrectomy for ERM could be higher in case of combined phacovitrectomy surgery, because of the release of pro-inflammatory mediators from the anterior segment. Despite this, evidence of increased CME rate with combined surgery are lacking.
A recent research reported an incidence of CME specifically after ERM peeling of 12.8%, 34 which is higher than previous reports. 35 Two pathogenetic mechanisms can be formulated:
• ILM peeling iatrogenically damages the Müller cells. The absence of leakage during fluorescein angiography confirms that blood-retinal barrier breakdown is absent, in lieu of a structural damage
• Inflammatory process due to a breakdown of the bloodretinal barrier.
The presence of preoperative intra-retinal cysts were associated with persistent CME following surgery.
Conclusions
Surgery for idiopathic ERM is a safe procedure, burdened by low complication rate. The gauge choice does not seem to influence the outcome, either in terms of efficacy or safety. The available dies also disclose a high safety profile. Despite ILM peeling demonstrates positive anatomical and functional outcomes, positions about its safety remain controversial. Hence no mandatory indications are given regarding its standard procedure.
Efficacy
The efficacy of surgical treatment for ERM has been extensively studied and is currently unanimously approved. Epiretinal membrane surgery is generally recommended when blurred vision or vision distortions are severe enough to interfere with binocular vision or daily activities. 
Visual acuity
Since the '80s favorable outcomes were reported achieving good results simply removing the ERM: reduced metamorphopsia and improved VAwere described in the majority (70% to 90%) of operated of patients. [36] [37] [38] [39] The VA improvement continued for the next 6-8 months and the best final VA might be obtained after 1 year. 40 The chance to regain successful vision after surgery is increased in patients with a mild-tomoderate preoperative visual impairment (20/63 or better), and patients with better baseline VA can get a full visual recovery. 41 In patients with longstanding ERMs, a complete recovery of vision is rare and retinal thickness and the macular profile rarely return to normal. 42 Thus, early surgery is likely to decrease the risk of developing irreversible macular damage. Eyes receiving ILM peeling as an adjunctive treatment showed better visual outcomes compared to non-peeled eyes, especially in the long term period. 1 
Macular morphology
ERM removal can lead to significant improvement of the macular morphology, in terms of reduced retinal thickness and restoration of the foveal contour. Since the early 90s, it was observed that by performing ILM peeling the retinal striae were more likely to disappear or flatten. 43 After the introduction of vital dies, numerous studies confirmed that ILM removal during surgery for ERM was associated with better anatomical improvement compared to eyes were the ILM was left.
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Recurrence
The overall ERM recurrence rate after surgical removal is estimated to be from 1% to 16%, and is higher in secondary ERMs, owing this to the underlying causing condition. 1, 31, 49 ILM removal during surgery for ERM was demonstrated to be associated a lower risk of recurrent ERMs.
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Metamorphopsia
Metamorphopsia is the major complaint of patients with ERM, even after successful surgery. They can be assessed qualitatively by Amsler grid test, or may be measured by mean of M-charts (Inami Co, Tokyo, Japan), or preferential hyperacuity perimetry (PHP). The M-charts consist of 19 dotted vertical and horizontal lines with the dot intervals ranging from 0.2°to 2.0°of visual angle. The patient is asked to report the chart with the minimum angle of the dots in the line that appears straight, and this is taken as the metamorphopsia score (horizontal and vertical).
An anatomical correspondence of metamorphopsia was demonstrated, being correlated to the degree of distance of tangential retinal displacement. 50 A correlation with OCT was also reported, as the degree of metamorphopsia, assessed with the M-charts, was significantly correlated with the Inner Nuclear Layer (INL) thickness, and that INL thickness was significantly correlated with tangential retinal displacement. 51 The PHP was designed for a reproducible and quantitative assessment of metamorphopsia based on the visual function of hyperacuity, which was originally developed to monitor the progression of neovascular age-related macular degeneration. 52 Significant reduction of metamorphopsia paralleled the improvement of VA and central foveal thickness were reported after idiopathic epiretinal membrane surgery. 53 
Microperimetry
A substantial number of studies investigated the correlation of macular morphology and function using spectraldomain optical coherence tomography (SD-OCT) and microperimetry.
The macular sensitivity continues to improve after surgery over the long-term period, even in cases where retinal thickness and VA stop to improve. 54 The disruptions of the ellipsoid zone seems to be a potential predictor for poor visual recovery and paracentral microscotomas in eyes undergoing macular surgery, ranging between 16.6% and 56.2% of cases. [55] [56] [57] [58] [59] Some authors supposed a correlation between functional postoperative microperimetry alterations and potential mechanical trauma induced by end-gripping forceps during ILM peeling.
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Stereopsis
Loss of binocularity can occur with a unilateral ERM, due to aniseikonia and metamorphopsia. Stereopsis is functionally associated with various OCT parameters, including central foveal and paracentral thickness. 62 Some degrees of recovery have been observed after surgery, although not to a normal level. 63 Functional tests, such as Titmus and TNO stereotests, indeed demonstrated that stereopsis improved after ERM removal, albeit not to a normal level.
Conclusions
Vitrectomy with ERM removal associated with ILM peeling is undoubtedly an effective treatment for idiopathic ERM. It can achieve long-term stable postoperative visual and anatomical improvement, with an overall low recurrence rate.
Patient related outcomes Age and gender
The influence of age on postoperative VA was extensively investigated. [63] [64] [65] [66] [67] Only one study found that a younger age (average 63.1) was statistically significantly associated with visual improvement (0.3 logMAR or more from baseline) in patients with hyperfluorescent lines on fundus autofluorescence (FAF) suggestive of retinal displacement.
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A statistically significant effect of gender on postoperative VA was not found. 64 
Duration of symptoms
Duration of symptoms negatively correlates with postoperative VA and with VA improvement. 63, 68 Thus, the longer the symptoms were present, the lower the postoperative VA and the less functional gain.
Preoperative visual acuity
A better preoperative VA is associated with better postoperative VA. 58, 63, 64, 67, [69] [70] [71] [72] Sub-analyses were able to show a statistically significant higher VA gain in subjects with poorer preoperative VA after six and twelve months. 58, 66, 69 Hence, patients with better initial VA achieve higher levels of visual outcome but those with poorer pre-operative VA show a greater change in VA following ERM surgery. 73 The results of surgery improved over the time period of the study, 73 and a 12 months-postoperative follow-up period may be sufficient to assess the improvements induced by the ERM surgery.
Metamorphopsia
Metamorphopsia is the key symptom related to ERM, which leads to vision quality deterioration and loss of binocularity.
Studies with M-charts showed that the preoperative vertical metamorphopsia score was correlated with postoperative VA and with the improvement of VA. A higher metamorphopsia score was associated with worse postoperative VA and with less improvement of VA. One study with PHP confirmed that the significant predictors for postoperative metamorphopsia outcome were the degree of preoperative metamorphopsia. Significant reduction of metamorphopsia is coupled with VA improvement and central foveal thickness (CFT). 74 Preoperative metamorphopsia scores and preoperative VA are independent and not correlated. 64, 70 Therefore, the preoperative degree of metamorphopsia is the prognostic factor for their postoperative degree, suggesting that surgery should be performed before development of severe grades of visual deterioration. 75 The parafoveal inner nuclear layer (INL) is the only retinal structural parameter that was found to be associated with VA and metamorphopsia. Preoperative INL thickness was closely associated with preoperative, postoperative VA, and preoperative metamorphopsia. 76, 77 OCT parameters
Macular thickness
The macular thickness, both intended as CFT and average macular thickness, has been broadly investigated as a prognostic factor in idiopathic ERM surgery, but results are controversial.
Some studies analyzed the correlation between macular thickness and postoperative VA. They found a statistically significant worse postoperative VA in patients with higher preoperative CFT values in a univariable analysis. 65, 69, 76, 78 Further multivariate analysis performed with age, IS/OS integrity and multifocal electroretinogram (mfERG) confuted these results. 65 Other studies focused on the VA improvement (more than the pure postoperative VA). 55, 58, 79 They achieved conflicting results, since only Mitamura found that greater preoperative CFT is related to less improvement in VA. 55 
Ganglion cells
Ganglion cells are assessed by OCT and may be segmented in (Figure 4 ):
• Retinal nerve fiber layer (RNFL), which comprises the ganglion cell axons The ganglion cell complex (GCC=RNFL+GCL+IPL) thickness has been found to be higher in eyes with idiopathic ERM, and after surgery turns back to similar values of healthy eyes. Post-operative GCC reduction is proportionally higher than thinning of the whole retina, and this reduction is correlated with visual restoration. 80 The preoperative thickness of the GCL+IPL was significantly associated with post-operative VA. The thinner the inner layer, the better the postoperative VA. No associations were found with improvement in VA. 76 
Inner nuclear layer
The inner nuclear layer (INL) comprises the bodies of the bipolar cells.
The INL thickness was found to be a good indicator of metamorphopsia both before and after surgery, and a predictor of postoperative metamorphopsia. 77 The parafoveal INL is also significantly associated with the postoperative VA. 76 
Photoreceptor outer segment (PROS)
The PROS length is the distance between the IS/OS junction and the RPE. The PROS length was found to be a valuable prognostic factor for the postoperative VA. 75 This was also confirmed in a multiple regression analysis, including age and preoperative VA. 67 
External limiting membrane (ELM)
No statistically significant association between ELM integrity and postoperative VA was found
Ellipsoid zone (EZ)
The ellipsoid zone represents the inner/outer segments junction of photoreceptors. This hyper-reflective band at OCT is strongly associated with the functional status and is a valuable prognostic factor for VA after surgery. Eyes with a preoperative disruption of the EZ disclose a worse postoperative VA. 55, 58, 64, 65, 81 This effect on postoperative VA remains stable in the long-term follow-up. 58, 65 Accordingly, a preoperative continuous EZ is associated with higher gain in VA after surgery. 58, 59, 81 Preoperative disrupted EZ may undergo an anatomical and functional recovery even after more than 1 year postoperatively. However subjects with persistent EZ irregularities might have a limited visual improvement. 82, 83 Cone outer segment tips (COST)
The COST line, also known as Verhoeff membrane, is a hyper-reflective line visible at OCT between the EZ and the RPE.
A preoperative continuous COST line is associated with better VA after surgery. 79 The preoperative COST line defect size is strongly correlated with the postoperative VA. 84 
Ectopic inner foveal layer (EIFL)
Continuous EIFL in idiopathic ERMs is a newly described OCT finding associated with significant vision loss. 85 The presence of EIFL is significantly associated with lower preoperative and postoperative VA, and its thickness is negatively correlated with preoperative VA. Postoperatively, the EIFL thickness decreases significantly, but the thinning has no direct effect on VA change. Thus the EIFL presence should be considered a negative prognostic factor for postoperative anatomical and functional recovery. 86 
Other
Preoperative foveal contour on OCT is found not to affect postoperative VA. 64, 72 The ILM profile evaluated on OCT (normal, or mildly or severely distorted) does not affect the postoperative VA. 64 The presence of retinal cysts or macular pseudoholes do not influence the postoperative VA. 58 
Fundus autofluorescence (FAF)
Photoreceptor cell loss due to the ERM will theoretically lead to decreased lipofuscin levels and, as a consequence, to reduced foveal autofluorescence.
Preoperative foveal FAF and postoperative VA are correlated. Eyes with an enlarged hypofluorescent area encompassing the foveal and parafoveal area have lower VA after surgery. 72 
Electrophysiology
Electrophysiology has been employed to investigate the macular functional defects in eyes with idiopathic ERM, and to further assess the post-surgical changes.
Electroretinogram (ERG) is negatively affected by the ERM presence, and the VA decrease is related to the dysfunction of both preganglionic (abnormal focal ERG) and ganglionic (abnormal pattern ERG) macular elements. 87 Surgery not only provides morphological and VA gain, but is also associated with functional improvement of both outer and innermost macular retinal layers, leading to a related increase in VA. 88 The amplitude and the implicit time of the positive peak were shown to be correlated with the postoperative VA. It has been shown that N95 amplitude in pattern ERG is a predictor of visual outcomes, confirming the correlation of VA with the function of the ganglion cell layer, which is the closest cell layer to be affected by ERM. 89 Preoperative morphologically thickened and electroretinographically reduced retinas have a greater likelihood of being affected by an irreversible photoreceptor damages.
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Rehabilitation
Biofeedback training by means of a microperimeter has been reported as an efficient method to improve the visual performance of patients with different macular diseases. Biofeedback can be used to train subjects who have lost foveal fixation, to relocate their preferred locus into an area with better sensitivity. The instruments uses the cerebral plasticity and neurosensory adaptation capabilities to improve the visual performance. 90, 91 Biofeedback training with the MAIA device was reported to improve VA in patients with insufficient recovery after successful macular hole surgery. 91 Currently there are no reports of biofeedback in patients treated for idiopathic ERM.
Quality of life
The National Eye Institute 25-Item Visual Function Questionnaire (NEI VFQ-25) is a vision-related-quality of life instrument designed to assess patients' perception of their visual function and quality of life. Quality of life is significantly impaired in patients with idiopathic ERM. Specifically, it is the severity of metamorphopsia that strongly influences their visual performances. 92 ERM surgery remarkably improves patients' subjective perception of visual function (indicated by higher scores in VFQ-25) and improved metamorphopsia, even in the absence of significant VA improvement. 93 In the immediate postoperative period, the improved VA was the most important factor related to the improved quality of life, although the simultaneous cataract surgery might have had a confounding effect. The improved metamorphopsia was the important factor associated with improved quality of life in the late postoperative follow-up. 94 
Conclusions
The patient outcomes may be predicted through some prognostic factors. Young patients, with a short onset of symptoms and with better initial VA achieve higher levels of visual outcome. The preoperative degree of metamorphopsia is the prognostic factor for their postoperative degree. Some OCT parameters enable the surgeon to better predict the functional outcome. Among these, successful results may be obtained in eyes with thin ganglion cell layers, thin IPL, longer PROS, regular EZ and COST lines, and without EIFL. Despite being rarely used as routine pre-operative examinations, eyes with large hypofluorescent foveal areas and reduced mfERG, present worse outcomes.
The scenario of demanding patients and safe surgery is struggling surgeons, who should face with unfavorable outcomes of unhappy patients. Virtually any ERM can be peeled, so what the surgeon must know is the correct prognosis to be formulated. The surgical indication, together with the expression (and the communication) of a correct prognosis is the key aspect for satisfied patients.
This short review aims to concisely summarize the literature regarding safety, efficacy and patient related outcomes of idiopathic ERM surgery.
It can be finally stated that surgery for idiopathic ERM is a safe procedure, burdened by low complication rate. Despite ILM peeling demonstrates positive anatomical and functional outcomes, positions about its safety remain controversial. Hence no mandatory indications are given regarding its standard procedure. Regarding the efficacy, vitrectomy with ERM removal associated with ILM peeling is undoubtedly an effective treatment for idiopathic ERM. It can achieve long-term stable postoperative visual and anatomical improvement, with an overall low recurrence rate. As for the prognostic factors, young patients, with a short onset of symptoms and with better initial VA achieve higher levels of visual outcome. The preoperative degree of metamorphopsia is the prognostic factor for their postoperative degree. Moreover, some OCT parameters enable the surgeon to better predict the functional outcome. Among these, successful results may be obtained in eyes with thin ganglion cell layers, thin IPL, longer PROS, regular EZ and COST lines, and without EIFL ( Table 1) .
The principal limitation of this review is the lack of quantitative data and statistical considerations, as a direct comparisons among studies or meta-analytical inferences were besides the aims of this comprehensive review. Therefore all presented data are intentionally left (and should be intended) as general, without reporting any specific threshold or correlation coefficient. The intent was to provide a brief overview of these factors, in order to have a quick and comprehensive overview. The aim was to have a generic profile of "good" or "bad" factors, enabling the clinicians to combine them in each specific case.
Being aware of these aspects is of great support in the patient-surgeon relationship, because sometimes an aware patient with a minimal improvement is happier than an unaware patient with a better outcome. Notes: The list summarizes the pre-operative conditions, both patient-and imaging-related, known to be associated with a positive or negative surgical outcome of idiopathic epiretinal membranes (in bold the conditions reported to have a stronger prognostic value). The table solely aims to outline the prognostic factors, profiling a "better" or "worse" outcome. Single variables are intentionally left as general descriptive, as it does not claim to make any statistical association between each condition, nor to provide statistical threshold or clinical benchmark.
